Monte Carlo simulation was conducted for bilayer magnetic structures with dipolar interlayer interaction in an external magnetic field. Specific hysteresis loops were obtained for the system. Non-equilibrium relaxation of the autocorrelation function was considered with the high-and low-temperature initial states
Introduction
Multilayer magnetic structures, consisting of magnetic and non-magnetic layers, are applied in electronic and spintronic devices [1] [2] , like storage and high-density record devices [3] and high-sensitive magnetic field sensors [4] . The layer magnetization can be controlled by an external applied magnetic field. Investigation of multilayer structures behaviour in the magnetic field can be carried out by a computer simulation. This work deals with structures consisting of two magnetic layers with dipolar interlayer interaction.
Model and simulation
Monte Carlo simulation was conducted for studying behaviour of bilayer structures in the magnetic field. The system Hamiltonian H = H 1 + H 2 + H 12 . H α=1,2 is the Hamiltonian of the first or the second magnetic layers, H 12 describes interaction between the layers. The Hamiltonians have the following form
where S i is a spin (a unit vector in a three-dimensional space) situated in the i-th site of the simple cubic lattice with the linear size L in X-and Y-directions, and with the linear size N in Z-direction. The value of N corresponds to the thickness of the layer. The first term in H α describes the exchange interaction between neighbouring spins. The second term describes the uniaxial anisotropy, with Z-direction being an easy magnetization axis provided that A > 0. The third term describes interaction of the spins with the external magnetic field h. H 12 has a form of dipolar interaction, summation conducted for all pairs of spins, with one spin belonging to the first layer and the other spin to the second one. In this work the Hamiltonian parameters were set to be J = 1.00, A = 0.10, D = 0.01. The system with magnetic layer thickness N = 1 and a distance between layers S = 1 was considered. The external magnetic field was perpendicular to the surface of the layers (parallel to Z-direction).
Equilibrium behaviour of bilayer structures in magnetic field
Characteristics of the system as a whole are the total magnetization M = M 1 + M 2 and the staggered magnetization M stg = M 1 − M 2 , where M 1 (M 2 ) is the first (second) magnetic layer magnetization, which is a sum of spins in the layer. Lowercase letters denote values per spin.
The ground state of the system without an external magnetic field is that with antiparallel orientation of the layer magnetization vectors. This means that at the ground state m = 0.0 and m stg = 1.0. The same picture remains for the structure in a weak magnetic field. A strong enough field can lead all spins to overturn in the field direction, so that at the ground state m = 1.0 and m stg = 0.0. Temperature dependence of the total and staggered magnetization is demonstrated in Fig. 1 for the weak (h = 0.05) and strong (h = 0.10) magnetic fields. A medium field was found to be h ≈ 0.07. Simulation conducted in a slowly changing magnetic field reveals specific hysteresis loops for the system. Fig. 2(a) shows such loops formed by Z-projections of the total magnetization at a low temperature T = 0.1. Two specific regions at positive and negative fields with magnitude h = 0.1 − 0.3 correspond to the antiparallel state. The higher the temperature the closer are these regions to the point with h = 0.0, until at the temperature T ≈ 0.4 ( Fig. 2(b) ) they merge. Further increasing of the temperature leads to decreasing of hysteresis loops square until hysteresis disappears.
Non-equilibrium behaviour of bilayer structures in magnetic field
In the non-equilibrium simulation the autocorrelation function was calculated C(t,
⟩ , where t w < t is a waiting time. Fig. 3 shows (Fig. 4) . The relaxation process in magnetic field continues for longer time and up to smaller values in both cases, but for the low-temperature initial state this is more profound. 
